Toxoplasma gondii is a widespread intracellular parasite, which naturally enters the organism via the oral route and crosses the intestinal barrier to disseminate. In addition to neuronal and ocular pathologies, this pathogen also causes gut inflammation in a number of animals. This infection-triggered inflammation has been extensively studied in the C57BL/6 mice, highlighting the importance of the immune cells and their mediators in the development of gut pathology. However, despite their importance in inflammation, the role of protease-activated receptors (PAR) was never reported in the context of T.gondii-mediated small intestine inflammation. Using genetically modified mice, we show that PAR 2 plays a pathogenic role in the development of gut inflammatory lesions. We find that PAR 2 controls the innate inflammatory mediators IL-6, KC/CXCL1, PGE 2 as well as neutrophil infiltration in T. gondii-triggered gut damage.
| INTRODUCTION
The mucosal barrier constitutes the first line of exchange and defence between our body and the surrounding environment. This natural obstacle has to be crossed in order for a number of harmful enteric pathogens such as Salmonella, but also parasites such as Toxoplasma gondii (T. gondii), to penetrate the host. T. gondii belongs to the group of Apicomplexa protozoan parasites. T. gondii infection is widespread in humans with dramatic consequences in immuno-compromised patients and in foetus of primo-infected pregnant women. Recent growing evidences suggest that T. gondii infection might also be a risk factor for developing neuropsychiatric disorders. (NK) cells 6 and innate lymphoid cells. 7 Furthermore, the collapse of regulatory T cells together with the subversion of their suppressive capacity is a major event in T. gondii-induced intestinal pathology.
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Gr1
+ inflammatory monocytes play a protective role but not neutrophils that rather contribute to the intestinal damage. 9, 10 In addition, the intestinal microflora is believed to play a critical role in the development of gut lesions. 11 Regarding the molecular mechanisms, adaptive and innate immunity components have been shown to positively Nathalie Vergnolle and Nicolas Blanchard contributed equally to this work.
or negatively impact the development of inflammation in this model.
Pathogenic functions have been attributed to IFN-γ, TNFα, iNOS 3, 12 and TLR9, 13 while IL-10, TGF-β and NOD2 appear protective.
14-16
However, the role of proteases and their signalling pathways has never been investigated in this pathology.
Proteolytic homeostasis plays a prominent role at mucosal sur- 
| MATERIALS AND METHODS
| Mouse model and in vivo infection
PAR 2 −/− animals on C57BL/6 (B6) background 22 were compared to either purchased C57BL/6 wild-type mice from Janvier Laboratory or PAR 2 +/+ littermates. Parasite cysts were maintained in CBA/J mice through serial passage of cysts every 8 weeks. Seven-weekold PAR 2 +/+ and PAR 2 −/− mice were orally infected with 30 cysts of 76K T. gondii strain as described. 23 Mice were euthanized at day 7 post-infection. Experimental data results from at least two independent experiments using a minimum of n = 7 animals per group. For the kinetics experiments using WT B6 animals ( Figure 1 ), a minimum of n = 4 animals per group was used. Animal studies were carried out under the control of the French National Veterinary Services and in accordance with the European regulations (EEC directive 86/609 dated 24 November 1986). The protocol was approved by the local Ethics Committee CEEA122 (Approval CE n°2015-02).
| Macroscopic and microscopic scoring of inflammation
The macroscopic score was based on visual evaluation of small intestinal damage, using criteria adapted from Motta et al 18 
Strictures
and the presence of blood in the faeces could not be used as those two parameters were never observed in the present model. The criteria were as follows: tissue swelling (0 = no swelling, 1 = minor, and muscle thickening (0-3) (Maximum scores: 12).
| QPCR and RT-qPCR analysis
RNA was extracted from small intestine tissue using Trizol Reagent Table S1 .
| Immunofluorescence
Mouse small intestine tissues were prepared as described above in the paragraph "Macroscopic and microscopic scoring of inflammation". After removal of paraffin at 60°C, slides were boiled 20 minutes in a citrate buffer pH6. After rehydration, slides were incubated in phosphate-buffered saline (PBS) containing 4% of goat serum. Slides were then incubated overnight in the same buffer containing primary antibodies, that is, rat anti-Ly6G (Biolegend, clone 1A8) or rat IgG2a isotype antibodies (Biolegend, San Diego, CA, USA). After three washes in PBS, slides were incubated with goat anti-rat Alexa 555 secondary antibodies (Invitrogen), and in a solution of Dapi (500 ng/ mL) before mounting with ProLong (Invitrogen). Tissues were observed using a Zeiss 710 confocal microscope with a 20× objective.
| Quantification of poly unsaturated fatty acid metabolites
Analysis was performed by LC-MS/MS as described.
| Statistical analysis
All statistical analyses were performed on Graphpad Prism 6 soft- 
| PAR 2 deficiency reduces gut inflammation induced by Toxoplasma gondii
To evaluate the role of PAR 2 in the T. gondii gut inflammation model, we next infected B6 mice invalidated or not for PAR 2 expression. No difference was observed in weight loss between infected WT and KO animals during the week following infection (Figure 2A ). However, higher survival rate was observed in PAR 2 -deficient-infected mice, compared to WT-infected mice ( Figure 2B ). Mice were euthanized at day 7 post-infection to assess gut inflammation. As illustrated in Figure 3 , in infected animals, the macroscopic and microscopic inflammatory scores were significantly decreased in the absence of PAR 2 7-day post-infection . This protection was not due to a better control of parasite growth in the gut of PAR 2 -deficient animals as measurement of T. gondii load in the small intestine by RT-qPCR of SAG1 showed similar parasite burden between infected WT and PAR 2 −/− animals ( Figure 4A ). Similar parasite burden was also found in gut draining mesenteric lymph nodes ( Figure 4B ). Therefore, our results suggest that the development of small intestine inflammation following oral gavage of mice with T. gondii cysts involves active PAR 2 signalling. Figure 5L ). Finally, no difference in TGF-β expression was detected among the four groups ( Figure 5M ). These results indicate that the up-regulation of some innate pro-inflammatory cytokines, such as IL-6 and KC/CXCL1, depends at least partially on the presence of PAR 2 in this infectious model.
| PAR
Polyunsaturated fatty acids (PUFA) constitute a source of bioactive lipids playing major roles in innate immunity during infection and inflammation. 27 We therefore quantified PUFA metabolites present in the gut during T.gondii infection in WT or PAR 2 -deficient mice ( Figure 6 ). Results illustrated in Figure 6A ,B revealed that in wild-type mice, the amount of PGE 2 and 8-isoPGA2 was both elevated in the small intestine of T. gondii-infected mice in comparison with noninfected animals. The absence of PAR 2 completely abolished these effects. In contrast, infection had no impact on the level of other bioactive lipids such as 6KPGF1a, 15d-PGJ2, TxB2 and LTB4 ( Figure 6C-F) .
F I G U R E 2 Body weight loss and survival curves of WT and PAR 2 KO mice infected with Toxoplasma gondii. (A) The body weight of noninfected or T. gondii-infected animals was measured during the week following infection. The graph shows the variation of weight compared to day 0 (corresponding to 100%). WT-and PAR 2 KOinfected animals showed no difference in weight loss (Kruskal-Wallis test). (B) Survival curves of T. gondii-infected WT and PAR 2 -deficient mice showing a better survival in KO animals compared to WT (statistical analysis using Mantel-Cox test)
. This figure represents one experiment. P-value *<.05; n.s, not significant
| PAR 2 is involved in the infiltration of neutrophils in the small intestine tissue during Toxoplasma gondii infection
As KC/CXCL1 was reduced in PAR 2 -deficient mice compared to WT, and given the major neutrophil chemo-attracting role of KC/CXCL1, we evaluated neutrophil infiltration within the small intestine at day 7 post-infection. For this purpose, immunostaining was performed in tissue cross sections using anti-Ly6G antibodies ( Figure 7A ). Total number of neutrophils present on the whole tissue section was reported for WT-and PAR 2 -infected animals, as shown in Figure 7B . Neutrophil infiltration was lower in PAR 2 KO animals compared to WT. Moreover,
in WT tissues, a significant proportion of neutrophils was localized at the top of the villi or in the lumen and was associated with epithelial layer erosion, while the majority of neutrophils counted in PAR 2 KO tissues was detected in the middle or bottom part of the villi.
Altogether, our data showed the implication of PAR 2 in the in- 
| DISCUSSION
This study sheds light on the role played by PAR 2 in the establishment of gut mucosal immune response associated with Toxoplasma P-value *<.05; **<.01; ***<.001; ****<.0001; n.s, not significant gondii pathogenic infection. We here show an alleviated gut inflammatory phenotype in PAR 2 KO mice infected by T. gondii, associated with a better survival rate. In the absence of parasite load difference between WT-and PAR 2 KO-infected mice, our results suggest that the increased survival rate observed in PAR 2 KO animals likely results from a lower gut inflammation level compared to WT.
However, there was no impact on body weight loss. Although body weight loss is a gross parameter to follow gut inflammation, it does not always correlate perfectly. In particular, PAR 2 -deficient mice submitted to DSS-colitis protocol do not loose less weight than WT mice despite a significantly alleviated phenotype as described in
Hyun et al 28 We showed that among a panel of inflammatory chemokines, cytokines and lipid mediators, only a few were specifically regulated by 
